Single-Molecule DNA Fiber Analyses to Characterize Replication Fork Dynamics in Living Cells.
Understanding the molecular dynamics of DNA replication in vivo has been a formidable challenge requiring the development of advanced technologies. Over the past 50 years or so, studies involving DNA autoradiography in bacterial cells have led to sophisticated DNA tract analyses in human cells to characterize replication dynamics at the single-molecule level. Our own lab has used DNA fiber analysis to characterize replication in helicase-deficient human cells. This work led us to propose a model in which the human DNA helicase RECQ1 acts as a governor of the single-stranded DNA binding protein RPA and regulates its bioavailability for DNA synthesis. We have also used the DNA fiber approach to investigate the interactive role of DDX11 helicase with a replication fork protection protein (Timeless) in human cells when they are under pharmacologically induced stress. In this methods chapter, we present a step-by-step protocol for the single-molecule DNA fiber assay. We describe experimental designs to study replication stress and staining patterns from pulse-chase labeling experiments to address the dynamics of replication forks in stressed cells.